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RIGDON. O. C. AND R. S. DYER. Ketamine allers rat flash evoked potentials. PHARMACOL BIOCHEM BEHAV 30(2) 
421-426. 1988.-Discovering the neurotransmitters involved in the generation of flash evoked potentials (FEPs) would 
enh~nce the use of FEPs in screening for and assessment of neurological damage. Recent evidence suggests that the 
e~cltatory ~ino acids, glutamate and aspartate. may be transmitters in the visual system. Ketamine selectively antago
DlZes ~he actions of excitatory amino acids on n.methyl-d-aspartate receptors and may be administered systemically. Two 
expenments were designed to test the effects of ketamine on rat FEPs. First, the effects of ketamine (37. 73, ISO m~g) on 
FEPs recorded in light and dark backgrounds were investigated at a single (10 min) posttreatment interval. Ketamine 
administration resulted in dose-dependent alterations in FEP peak amplitudes and latencies. Peak PI amplitude increased 
by a factor of 4. in a dose-dependent manner. Peak Nt virtually disappeared at 150 m~g. Peak P2 amplitude increased by 
~O%. ~ut only in the light background, and only at 150 mglkg. Second, ketamine (ISO mglkg) effects on FEPs were 
mve~t~gat~ 5 min and 30 min following administration. The decrease in peak Nt amplitude was maximal 5 min. after 
a~mmlstratIOn and the amplitude was recovering at 30 min. The effects on peak PI and peak N3 amplitudes were maximal 5 
mm after ~etamine administration, but were not recovering 30 min postinjecticm. The various peak latencies were also 
affected dIfferently. The POssible role of glutamate or aspartate in the generation of rat FEPs is discussed. 

Flash evoked potentials Ketamine 

FLASH evoked potentials (FEPs) primarily reflect summed, 
neuronal! graded postsynaptic potentials. PEPs are used in 
neurologIcal. [26J ~nd toxicological (9) practice as indicators 
~f th~ functIOnal Integrity of the visual system. Relatively 
ht~le IS k~own about the neurochemical generators of FEPs. 
Dlscovenng the neurotransmitters involved in the generation 
of FEPs would enhance their usc in screening for and 
assessment of neurological damage. 

Recent studies have indicated that either glutamate or 
aspartate (postulated neurotransmitters) may be released 
from retino-geniculate and cortico-geniculate fibers in the 
visual system [4-6, 13, 14, 21, 31). If so, antagonism of the 
receptors which these excitatory amino acids act upon 
should produce alterations in FEPs. The "dissociative" 
anesthetic. ketamine, has been reported to cause transient 
blindness in humans during recovery from anesthesia [121. 
Ketamine is a potent. selective, noncompetitive. antagonist 
of the actions of excitatory amino acids on n
methyl-d-aspartate (NMDA) receptors [I, IS, 20, 22, 28. 301. 
a class of receptors which mediates a prolonged depolariza
tion associated with changes in membrane conductance. The 
ketamine blockade of NMDA-mediated effects is more po-

tent than its antagonism of cholinergic receptors [22J. ~e 
investigated the effects of 0, 37, 75, or ISO mg/kg IPketamtne 
He) on FEPs. Pilot data suggested that the effects of 
ketamine might depend upon background illumination, 
therefore, we recorded from rats under conditions of either 
light or dark background illumination. 

METHOD 

Adult, male Long-Evans booded rats were used in this 
study. Animals were surgically implanted with recording 
electrodes under pentobarbital (SO mgikg, IP) ~nesthesia. 
Recording and ground electrodes were 00-90 stamless steel 
screws threaded into burr holes drilled in the skull. Ground 
and reference electrodes were placed S mm anterior to and 2 
mm left and right of bregma. Visual cortex electrodes were 
placed 6 mm posterior to bregma and 4 mm lateral to midline. 
Nichrome wires connected the screws to a plastic Amphenol 
connector. The assembly was covered with dental acrylic 
and the wound sutured shut. Each rat was given 100,000 
units of penicillin G 1M and returned to its cage. Animals 
were allowed a one week recovery period before testing. 
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FIG. 1. Group average waveforms of FEPs from all rats in each dosage group in light or 
dark background 10 min after IP ketamine administration. The flash occurred at the 
beginning of each trace. 

Animals were tested in rectangular boxes with mirrors on 
!hree ~ides. and a Grass PS-22 strobe on the founh. High 
tntens.ltr,(4.53?<10-2 Iux_sec) 10 JLsec flashes were used as 
the ehcltlng stimuli. Animals were tested in either dark or 
!igh.t (115. lux) chambers following a 10 min 'adaptation 
penod. Tnals were presented at 0.3 Hz and 128 trials were 
averaged f?r each FEP waveform. To reduce the probability 
th~t ketamrne would produce hypothermia, rats were main
tamed at a warmer ambient temperature (approximately 
2S0C) after treatment. 

The sampling rate was 2500 Hz and the EEG was 
bandpass filtered between 0.8 Hz and 1 kHz. Averaging was 
accomplished by a PDP Ilno computer. Peak latencies and 
peak amplitudes were obtained from each animal's wave
form. Baseline was defined as the average voltage between 
10 and 15 msec after the flash; a segment of the waveform 
which is prior to any major stimulus-induced deflections. 

Experiment One: Dosage Effects of Ketamine 

Animals (n=38) were administered isotonic saline (con
trol), 37, 75, or 150 mg/kg ketamine Hel IP and then placed 
in the recording chambers for 10 min prior to testing. Rectal 
temperatures were obtained immediately after testing. Each 
animal was tested at each dosage (at least 48 hours between 
testing) and order of dosage was assigned randomly. Differ
ent groups of animals were tested under light (n=17) and 
dark (n=21) adapted conditions. 

Experiment Two: Time Course of Ketamine Effects 

Animals were administered either isotonic saline (n""19) 
or 150 mg/kg ketamine (n=19) IP and then FEPs were ob
tained in dark chambers at 0, S, and 30 min postil\iection. To 
evaluate the effects of ketamine on body temperature at a 
time beyond the 10 min period evaluated in the first study, 
separate groups of rats were tested, and administered either 
isotonic saline (n=6) or ISO mg/kg ketamine (n=6). The rats .",. 
were retested 15 min, 30 min, and 60 min later. Rectal tem-

peratures were recorded fonowing the 60 min test. Only the 
temperature data from this group of 12 rats will be reported 
here. 

Multivariate analysis of variance (MANOV A, SAS Insti
tute) was used to analyze the data according to statistical 
design principles outlined by Muller et al. [24J. Only data 
which met these criteria are reported as significant. For Ex
periment One, the effects of dosage (within subjects), back
ground (between subjects), and dosage x background inter
actions on peak latencies and peak amplitudes were 
analyzed. For Experiment Two, the effects of dosage (be
tween subjects), time (within subjects) and dosage x time 
interactions were analyzed. Bonferroni correction proce
dures were used to maintain an overall alpha for the experi
ment of 0.05, and Geisser-Greenhouse corrections were 
applied in cases of repeated measures. As there were 6 am
plitudes and 6 latencies measured in each experiment, with a 
MANOVA performed upon each, the adjusted alpha was 
0.05112=0.0042. Unless otherwise indicated all effects dis
cussed in the results section achieved this level of signifi
cance. 

RESULTS 

While quantitative assessment of the behavioral correlates 
of ketamine was not attempted, qualitative observations 
were consistent with observations reported by others [25J. 
At the 150 mg/kg dosage rats appeared anesthetized. At 75 
mg!kg their behavior would generally be described as 
cataleptic immobility. while at 37 mg/kg behavior ranged 
from mildly affected (stereotypic behavior) to ataxic. 

Experiment One: Dosage Effects of Ketamine 

The amplitudes of peaks PI, Nt. P3, and N3 were all 
altered 10 min following treatment with ketamine (see group 
average waveforms in Fig. 1). independent of background 
illumination. Peak PI amplitude was increased in a dose
dependent manner (Fig. 2). The effect was significant at all 
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FIG. 2. Mean (:sem) ror FEP peak amplitudes obtained in light or 
dark background 10 min after treatment with ketamine. 

TABLE 1 
EFFECTS OF KETAMINE ON RECTAL TEMPERATURE·C 

Dark-tested 
Light-tested 

o mglkg 37 mglkg 75 mglkg 150 mglkg 

38.4:!:O.07 38.7:::0.08 38.4:0_16 37.8±0.12 
38.2:!:O.10 38.8:::0.10 38.3:0.11 38.0:0.10 

Values are means:tsem. 

~~sages. The mean peak PI amplitude of animals treated 
WIth 150 mglkg ketamine was 4 times the mean peak PI 
amplitude of.sal~ne-treated animals. Peak Nt amplitude was 
decreased With Increasing dosages of ketamine. While this 
en:ect appeared more pronounced in light-tested animals 
(FIg. 1), the absence of a significant dose x background 
illumination interaction failed to support this appearance. 
The decreased Nt amplitude was significant at the 75 and 150 
m~g do~age ~eveJs, and in fact, peak Nl was virtually 
abohshed 10 ~mmals administered 150 mglkg ketamine (Fig. 
1). The ampl!tude of peak N3 was also decreased signifi
cantly followmg treatment with 75 or 150 mglkg ketamine 
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FIG. 3. Mean (:!:sem) for FEP peak latencies obtained in light or 
dark background 10 min after treatment with ketamine. 

(Fig. 2). Peak P3 amplitudes were decreased by ketamine at 
the two lower doses. 37 and 75 mg/kg. but not at the 150 
mg/kg dosage (Fig. 2). 

Some of the effects ofketamine on FEP amplitudes were 
dependent upon background illumination. In light-tested rats 
peak P2 amplitude was increased by nearly 50% at the 150 
mg/kg dosage, While, dark-tested rats had increased P2 am
plitudes only at 37 mglkg. In light-tested rats peak N2 
amplitude was unaffected by ketamine, while in dark-tested 
rats the N2 peak amplitude was increased at 37 and 150 
mg/kg, but decreased at 75 mg!kg. 

The latencies of peaks PI, NI, N2, and N3 were signifi
cantly increased in a dose-dependent manner (Fig. 3). Peak 
P2 latency was increased following the lowest dosage. All 
peak latencies. except P2 and P3, were increased at the two 
higher dosages. 

Animals became slightly (0.3 to 0.6°C) hyperthermic fol-
lowing the 37 mglkg dosage. and slightly (0.2-0.6") 
hypothermic following the 150 mg!kg dosage. These dose
dependent changes in rectal temperature were statistically 
significant (p<0.001). T~e. dose >:= b~ckground illumination 
interaction was not statlstlcally slgmficant (p>0.42). These 
data are summarized in Table 1. 
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IP) or saline administration. 

Experiment T .... o: Time Course of Ketamine Effects 

The effects of 150 mg/kg ketamine (IP) on FEPs obtained 
0, S, and 30 min postinjection were compare~ ~o F.EPs .from 
saline-treated animals tested at the same postmjectlon times. 
Both peak latencies and peak amplitudes were significantly 
altered by ketamine administration .. . 

Peak PI amplitude was increased by ketamtne adminis
tration both 5 min and 30 min postinjection .. The. effects of 
time and dose on peak amplitudes are shown. In Fig: ~. P~ak 
Nt amplitude was decreased 5 min and 30 mtn p.osttnJect~on 
by ketamine, but the effect was larger at t~e 5 mtn.recordtng 
time. No effects of dose, time, or any mteractlOns :-vere 
found on peak P2 or peak P3 amplitud~. Peak N~ ampl~tude 
decreased significantly during successive re~ord!ng pem;>ds, 
but no effects of ketamine or dosage x ltme mteractlOns 
were observed. Peak N3 amplitude was signifi.cantly de
creased at S min and 30 min postinjection in ket~mme-treat~d 
animals, but was significantly increased at 5 mtn and 30 mtn 
in saline-treated animals. 

Ketamine administration significantly affected peak 
latencies as well. The effects of dosage and time on peak 
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latencies are depicted in Fig. 5. Peak PI latency was signifi
cantly increased 5 min and 30 min following ketamine injec
tion in contrast to the peak PI latencies recorded from 
saline-treated animals which were decreased at the 5 min 
recording period, and unchanged at the 30 min recording 
period. Peak NI latency was si~nificant1y in~reased by 
ketamine treatment compared to salIne-treated ammals 5 and 
30 postinjection. Peak P2, N2 and P3 latencies were not af
fected by ketamine treatment. Peak N3 latency was signifi
cantly increased 5 min, but not 30 min postinjection in 
ketamine-treated animals, while peak N3 latencies from 
saline-treated animals were unchanged. 

When measured 1 hour after administration of ISO mg/kg 
ketamine, rectal temperatures were significantly elevated 
with respect to controls (39.3±0.3°C vs. 38.0±O.loq. 

DISCUSSION 

Peak latencies and peak amplitudes of rat FEPs were al
tered by ketamine administration. Effects were observed fol
lowing subanesthetic (37, 75 mglkg) and anesthetic (150 
mg/kg) dosages of ketamine and were qualitatively different 
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from the effects of other general anesthetics [lO, 17, 18], 
which act through different mechanisms. Effects on peaks 
PI, Nl, and N3 occurred within 5 min of intraperitoneal 
ketamine administration and recovered at different rates. 
Peak Nt was nearly recovered by 30 min, while peak PI and 
N3 amplitudes were still significantly altered 30 min after 
treatment. 

It is not likely that these effects are secondary to the 
effects of ketamine on body temperature. since the 
hypothermic effect of ketamine was prevented by testing 
under warm ambient conditions. Furthermore, the major 
findings in the present study are the great changes in peak 
amplitude by ketamine. Changes in body temperature of as 
much as several degrees celsius have been shown not to 
produce such changes in amplitude [l0,17]. 

Ketamine, a short-duration, nongaseous anesthetic 
[32.33J. selectively blocks the action of excitatory amino 
acids on NMDA receptors in vitro at micromolar concentra
tions [15], and in vivo at subanesthetic dosages [1,22]. This 
selective antagonism has been demonstrated in spinal cord 
[3.20,22], hippocampus [8J, and cortex [14, 26, 27J. NMDA 
receptors mediate a magnesium sensitive, voltage-dependent 
depolarization [3,8]. The NMDA receptor is linked to a ca
tion Channel, which under normal conditions is blocked by 
magnesuim ions. When the neuron membrane is depolarized 
the magnesium ion leaves the channel, and if the NMDA 
receptor is stimulated, the membrane depolarizes further. 
Ketamine blocks this response in magnesium free media and 
when the neuron is depolarized [31]. This antagonism is non
competitive and ketamine may interact with a separate bind
ing site [23]. The time-course of the effects reported here is 
similar to the time-course of anesthesia/analgesia induced by 
ketamine, which has been postulated to be a result of a 
blockade of NMDA receptor-mediated depolarization [30]. 
Ketamine has also been reported to block cholinergic recep
tors, but not as potently as it antagonizes NMDA actions 
[22]. Compounds which are more potent and selective for 
blockade of cholinergic receptors do not elicit the same ef
fects on the FEP as ketamine [19]. In fact. the pattern of 
amplitude changes reported here is quite different from what 
has been reported following manipulation of cholinergic, 
dopaminergic, noradrenergic and serotonergic systems ([II l, 
and Dyer, unpUblished data). Ketamine has also been shown 
to block potassium and sodium channels in myelinated nerve 
fibers, but only at very high concentrations: 2-4 mM [2]. 

The effects of ketamine on the amplitudes of peaks P2 and 
N2 were different in light-tested and dark-tested animals. 
While these findings raise the possibility that light adaptation 
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may playa role in the regulation of the voltage-dependent 
cation channel associated with NMDA receptors, the mech
anism by which light adaptation affects the response to 
ketamine cannot be specified based upon these data. 

The effects ofketamine on FEPs recorded from the lateral 
geniculate body [7], superior colliculus [16], and somatosen
sory cortex [7] have been reported. Hetzler and Berger [16] 
reported an augmentation of early positive components of 
superior colliculus evoked potentials after 100 mg/kg IP 
ketamine, as well as emergence of a new positive spike at 
lower dosages. Dafny and Rigor [7) observed decreased am
plitudes of all components of FEPs recorded from rat lateral 
geniculate body and no consistent effects on somatosensory 
cortex. Because we studied PEPs recorded from visual cor
tex, it is difficult to make comparisons to these studies. 

Phencyclidine (PCP), which is also presumed to func
tionally block NMDA receptors, has been investigated using 
flash evoked potentials [29]. Because this study measured 
amplitudes using a peak-to-peak rather than a baseline-to
peak scheme, and because no waveforms from treated rats 
are shown, it is not possible to compare the amplitude effects 
with the present study. While the reported increases in peak 
latency are consistent with the present findings, the ampli
tude effects are the most striking and important feature ofthe 
ketamine data presented here. It is therefore not yet possible 
to compare the effects of these apparently similar com
pounds on PEPs. 

Ketamine has been described as a drug with both convul
sant and anticonvulsant properties [25]. Some authors have 
maintained that the photic afterdischarge which often fol
lows the FEP may provide a useful indicator of whether a 
drug is a convulsant or anticonvulsant. Convulsants are 
presumed to increase amplitude of this response, while anti
convulsants are presumed to decrease their amplitude [27]. 
To the extent that FEP peak N3 reflects the first wave of the 
photic afterdischarge. the present data support the notion 
that ketamine's effects are better classified as anticonvulsant 
than convulsant. 

Ketamine administration produced profound alterations 
in rat cortical FEPs. Available evidence indicates that func
tional blockade of NMDA receptor-mediated depolarization 
contributes to the analgesic [1,22], anesthetic [1.22], and 
psychotomimetic [27] ketamine effects. Further studies need 
to be performed using other NMDA receptor antagonists, 
but the reported findings support the hypothesis that excita
tory amino acid stimulation of NMDA receptors plays a role 
in the generation of rat visual cortex flash evoked potentials. 
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